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CELLULOSE DERIVATIVE HOLLOW FIBER MEMBRANE 



(57) The present invention relates to a cellulose 
compound hollow fiber membrane having high mechan- 
ical strength and is hardly degraded by microorganisms, 
wherein a cellulose compound is comprised as a mem- 
brane material, the thickness of the membrane is 50 to 
500 urn, a dense membrane surface having an average 



pore diameter of 0.001 to 0.05 urn exists on the mternat 
and/or external surface thereof, the inside of the mem- 
brane is composed of a three-dimensional network-like 
porous structure having voids with an average pore di- 
ameter of 0.05 to 2 urn, and 70 % by weight or more of 
the membrane material is cellulose acetate propionate 
or cellulose acetate butyrate. 
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Des riptiort 

Field of th Invention 



l^.J^T^T in r nti ° n re ' ateS t0 3 Cel,U, ° Se com P° und hollow fiber membrane suitable in particular for water 
treatment in natural water areas such as rivers, lakes and marshes. 



Prior Art 



™L * Q membranes have been used f ™ of old as asymmetrical reverse osmosis membranes for 

TT, '"I 0 fresh ' water and b,ood membranes, and cellulose acetate membranri^^ 

T^ooo T f' 10 theSe USeS haVe b9en deVel0pGd < e "9- JP " A 54 " 8888 1 • JP-A 61-185305 JP-^SSS !?. 
Ln thl n' ■ A 5 " 228208 JP " A 6 ' 343842) - Further ' Ce,lu,ose c ™P°" nd or cellulose ester m«*i22^r 

J,™ H ° W ? Ver ' ° f theS6 Pr ' 0r art s P ecifical| V descrit >e a hollow fiber membrane exhibiting both a high water 
pennoafon rate and hrgh strength. Further, the membranes disclosed in these prior art are dialysis membtnes o 

t°ZT™ZlZ7 6S ^ a,S ° membraneS With 3 Sma " P ° re diame < er or non-porous LmbTaTeran" 

mnnli r T mer "branes wrth high fractionation performance used for water treatment 

frSUS^iJTfTrSS' l iber membranes used f ° r the P<"P°** of water treatment are disclosed in e.g. JP- 
ttrt Z r t ■ t ° 8053 ' bUt " iS P roblematic that t^se cellulose acetate hollow fiber membranes are 
the 1 K ? natUra ' SUCh 88 riV6r Wat6r ' v"^™^ water, lake water, marsh wateHnd I seawaLT 

ceHuTosTa^riloTh * miCr0Or9anisms in »• «" water. Accordingly, in purification of natura. waLr " he 
cehulose acetate hollow f.ber membrane, stenhzation with sodium hypochlorite is carried out constantly or intermittent 
to prevent the m.crob.al degradation of the membrane. However, when sodium hypochlorite bindsVhZlTnaS 
water, there anses the problem of generation of sterilization byproducts such as carcinogenic triha.omeThane 

30 Disclosure of the Invention 

SSL l PreS K nt JT nti0r l^ n S ° ,Ve thS Pr ° b,em that the 0611111036 acetate membrane is liable to microbial dea- 
SSSSLSLSSrf? f b rV The PreSem inV6nti0n iS a PP» c ^a.e to purgation of natura. water. The invent on can 
be conducted w.thout stenhzat.on treatment by an aqueous solution of sodium hypochlorite etc with reduced freauencv 

1 er m^bZe wlfhThT'^ miCr ° bia ' de9radat, '° n Th6 ^ provides a cel'lutsJ ^SZ 

nrfni?^-/ h ' 9h Water P ermeatio " ™te and an excellent mechanical strength 

PW06] The present invention provides a hollow fiber membrane comprising a cellulose compound as a membrane 

cZosed of a ?hree SElSl ! £ Tv?""* the inside of the membrane * 

to 2?,m Ir. 7r, «/ k . network-hke porous structure having voids with an average pore diameter of 0 05 

LutyS. V W6,9ht ° r ^ ° f m6mbrane ma,erial is Ce,,U,ose acetate P'OP^ - oelluiose acetate 

w^ILt !l°"° W fibCr ° f the pr6Sent inVenti0n is used as Pe^eation membranes for purification of water natural 
TZ • 3 ? atmem ° f WaSte Water The present invention P rovide3 a method for purifying water by use o the 
mem D ;"?p n h °"° Wfiberas a P ermeation ™ mb ™* »- «• of the above-mentioned^hol/owf S?p^££ 
Pe ™ ea "°n may be preferably conducted at the pure water permeation rate of 200 1/(m^h) ofrnTre at a 
transmembrane pressure of 100 kPa and at a temperature of 25'C 

nTnlnJJLTT" Pr ° V 'T S Permeati0n of water or fi « ra «°" matters to be removed out by use of the above- 
mentioned hollow frber membrane. It may be used for permeation, osmosis or reverse osmosis 



Detailed Description of the Invention 



KLI^^!r li T w K u,,d h Tz fib r membran of ths pr sent invention < referred *> hereina "- "honow 

anZ m l nt, , mbrane thrckness of 50 to 500 urn, preferabty 100 to 400 urn. in order to confer a good 
Daiance of m chanical strength and water permeability ther on 

b°ran°L hl Gmal ^ °' thS h °"° W fibSf memb ™* of the present invention has a dense m«n- 

range of the average pore diameter corresponds, in terms of molecular weight cut-off. to loZ to500 OuO pre"el£ 
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70,000 to 300,000. The internal and/or external surface of the hollow fiber membrane of the present invention is a 
dense membrane surface as described above, and the one wherein both the internal and external surfaces are dense 
membrane surfaces is particularly preferable. 

[001 1 ] The inside of the hollow f iber membrane of the present invention is composed of a three-dimensional network- 
5 like porous structure having voids with an average pore diameter of 0.05 to 2 urn, preferably 0.1 to 1 urn. This "three- 
dimensional network-like porous structure" provides the hollow fiber membrane with a good mechanical strength and 
a good extensibility. It has voids having a larger average pore diameter than the dense surface layer. It is preferable 
that the inner structure does not contain plural gigantic voids having a pore diameter of 1 0 jim or more, but it is more 
preferably free of such gigantic voids having a pore diameter of 1 0 u,m or more. 
10 [001 2] The average pore diameter of the inside of the membrane can be determined by taking electron microphoto- 
graphs (at a magnification x 1 0,000) of 1 0 sections of the membrane taken at equal intervals from the internal surface 
to the external of the membrane, calculating the average diameter of pores being present in 5 urn 2 of each section of 
the microphotographs and further calculating the average of the 10 average diameters. In the relationship between 
distances in the thickness'es direction of the membrane and the average pore diameter of each section, that is, in the 
is distribution of pore diameters in the three-dimensional network-like porous structure in the inside of the membrane, 
there is at least one maximum value, and the maximum value (maximum pore diameter) is 0.5 to 5 jim, preferably 1 
to 4 urn. 

[0013] The hollow fiber membrane of the present invention comprises a cellulose compound as a membrane material, 
and 70 % or more, preferably 80 % by weight or more of the membrane material is cellulose acetate propionate or 
20 cellulose acetate butyrate, and more preferably 1 00 % by weight of the membrane material is cellulose acetate propi- 
onate or cellulose acetate butyrate. When the content of cellulose acetate propionate or cellulose acetate butyrate is 
70 % by weight or more, the resulting membrane is hardly degraded by microorganisms and is excellent in compatibility 
even if mixed with other cellulose compounds, and a reduction in the mechanical strength of the membrane can thus 
be prevented. 

25 [001 4] The degree of substitution of acetyl and propionyl in cellulose acetate propionate and the degree of substitution 
of acetyl and butyryl in cellulose acetate butyrate, though being not particularly limited, are preferably 1 .5 to 2.9, more 
preferably 2.0 to 2.8. Further, the ratio of acetyl to propionyl or of acetyl to butyryl is not particularly limited. Further, 
the number average molecular weight of cellulose acetate propionate and cellulose acetate butyrate is preferably 
10,000 to 500,000, more preferably 50,000 to 200,000, to improve spinning properties. 

30 [0015] When a mixture consisting of cellulose acetate propionate or cellulose acetate butyrate and other cellulose 
compounds is used as a material of the hollow fiber membrane of the present invention, the other cellulose compounds 
may be cellulose ester compounds such as cellulose diacetate, cellulose triacetate and cellulose butyrate, and cellulose 
ether compounds such as methyl cellulose and ethyl cellulose, and further, polysulfone polymers, polyacrylonitrile 
polymers, polyamide polymers, polyvinyl pyrrolidone, polyvinyl formal etc. can be also used in combination therewith. 

35 [0016] In the hollow fiber membrane of the present invention, the tensile strength at break is preferably 3 MPa or 
more, more preferably 4 MPa or more, and the tensile elongation at break is preferably 1 5 % or more, more preferably 
20 % or more, to maintain durability for a prolonged period of time. 

[0017] In the hollow fiber membrane of the present invention, the rate of pure water permeation rate at a transmem- 
brane pressure of 100 kPa at a temperature of 25 °C is preferably 200 Ly(m 2 *h) or more, more preferably 300 U (m 2 -h) 
40 or more. Herein, "pure water" refers to water obtained by filtering deionized water having an electrical resistance of 
0.2 uS/cm or less through a membrane having a molecular weight cut-off of 30,000. 

[0018] The cellulose derivative hollow fiber membrane according to the present invention can be produced by e.g. 
phase conversion methods in wet or dry wet processes. 

[001 9] A spinning stock solution used in these methods is obtained by dissolving 70 % by weight or more of cellulose 
^5 compounds including cellulose acetate propionate or cellulose acetate butyrate as the membrane material in a solvent 
as described above. 

[0020] This solvent may be any solvent which can be mixed with water and includes acetone, dioxane, acetic acid, 
dimethyl sulfoxide, dimethylacetamide, N-methyl-2-pyrrolidone, dimethylformamide etc. Among these, high-boiling sol- 
vents capable of spinning at 100 °C or more, for example dimethyl sulfoxide, dimethylacetamide and N-methyl-2-pyr- 
50 rolidone are preferable to increase the water permeation rate, and dimethyl sulfoxide is preferable for forming the 
prescribed three-dimensional network-like porous structure to improve mechanical strength. 

[0021] In addition to these solvents, it is further possible to add non-solvents such as ethylene glycol and polyethylene 
glycol and metal compounds such as lithium chloride, calcium chloride, magnesium chloride, lithium nitrate, barium 
nitrate, magnesium nitrate, lithium acetate and magnesium acetate. 
55 [0022] The concentration of cellulose compounds in the spinning stock solution is preferably 15 to 35 % by weight, 
more preferably 20 to 30 % by weight. 

[0023] An inside coagulating solution or a coagulation water bath used in production include non-solvents for cellulose 
compounds, that is, water, ethylene glycol, polyethylene glycol or a mixture of these non-solvents and the organic 



3 



EP 1 127 608 A1 



solvents described above. Among these, the inside coagulating solution is preferably water or a combination of wat r 
and polyethylene glycol, and the coagulation water bath is preferably water or a combination of water and the organic 
solvent used in the spinning stock solution. 

[0024] The temperature of the inside coagulating solution and the coagulation water bath is preferably 30 to 90 «C 

^i?Jt e o Tt erat r e ° f 1° ? ° r m0re ' the thickn6SS ° f the dense ,ayer as the surface of the membrane can be suitably 
adjusted to attain a high water permeation rate, while at a temperature of 90 "C or less, the boiling of the inside 

2! ? ° r * e coa 9 ulation water bath d °es not occur thus facilitating the manufacturing procedure 
[0025] The temperature of the orifice of a nozzle for discharging the spinning stock solution is preferably 30 to 1 30 
C more preferably 50 to 100 C. In the case of spinning in a dry wet process, the distance between the • discharge 
onf.ce of the nozzle and the surface of the coagulation water bath is set in the range of preferably 1 to 50 cm more 

[0026] The hollow fiber membrane of the present invention is suitable particularly for purification of natural water 
such as river water, underground water, lake water, marsh water and seawater, and can further be applied to treatment 
of vanous kinds of waste water from factories, homes etc. ireaimeni 

[. 00 k 71 C S described above ' tne cellulose compound hollow fiber membrane according to the present invention has 
2^ haniCa ' Stren9th and is hard| y de 9 raded ^ microorganisms so that even if washing with a germicide such as 
sod,um hypochlorite is not conducted at all or the frequency of such treatment is considerably reduced, its high water 
permeability can be maintained. a 

Brief Description of the Drawings 

[0028] Fig. 1 is an electron microphotograph at a magnification of *200 of a cross-section of the hollow fiber mem- 
brane obtained in Example 1. 

[0029] Fig. 2 is an electron microphotograph at a magnification of * 1 0,000 of the internal surface of the hollow fiber 
membrane obtained in Example 1 . 

[0030] Fig. 3 is an electron microphotograph at a magnification of * 190 of a cross-section of the follow fiber mem- 
brane obtained in Example 1 . 

Examples 

^.LH^t'Tf;,!^ PreSent inVenti ° n iS described more in deta » by reference to Examples, which however are 
not intended to hmrt the present invention. Each measurement given below was conducted in the following method. 

(1) Pure water permeation rate 

Q t oJt^ i I 1Side ° f 3 h ° l,OW fibSr membrane havin 9 an effective length of 50 cm was pressurized with pure water 
at 25 C at a water pressure of 100 kPa to determine the amount of pure water permeated per unit time and the 
water permeation rate was divided by the membrane area of internal surface area standard 

(2) Tensile strength and elongation at break 

Test piece of the hollow fiber membrane with an effective length of 5 cm was stretched at a cross-head rate 
of 10 mrn/min by use of tensiron to measure tensile strength and elongation at break. The strength was determined 
by dividing the measured strength by the cross-section of the hollow fiber membrane 

(3) Molecular weight cut-off 

Various kinds of proteins having different molecular weights were used as standard solutes and examined for 
their respecuve exclusion rate from the membrane, and the relationship between their molecular weights and their 
corresponding exclusion rates was plotted on a graph, and from the resulting curve of molecular weight vs exclu- 
sion rate, the molecular weight corresponding to 90 % exclusion rate was determined 

(4) Microbial degradability 

The hollow fiber membrane was immersed in the Ibo river stream, then sampled with time and examined for 
its tensile strength at break, and the number of days having passed until the strength was reduced to 90 % of the 
initial strength was determined. 

Example 1 

[0032] A spinning stock solution consisting of 24 % by weight of cellulose acetat propionate (degree of substitution- 
2.68; number average molecular weight: 75,000; acetyl: 2.5 %; and propionyl: 61 .2 %) and 76 % by w ight of dimethyl 
tt* 38 d 'f Charged from an outer of a do "ble pipe type nozzle while water was discharged from an inner 
^ln l n °^ aS J n ' nSide coa 9 ulatin 9 solurion The temperature of the spinning stock solution at the discharge 
opening was 70 °C. After pass.ng the discharged spinning stock solution through the air for 1 second it was coagulated 
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in a coagulation water bath (hot water at 70 »C), and then the solvent was complete* ^^Vx^rttSfZS 
water at 50 C) to give a hollow fiber membrane. An electron microphotograph (at a magnrf.cat.on of *200) of th m ude 
7 C ros S iction of m e hollow fiber membrane is shown in Fig. 1 . and an electron microphotograph (at 8 .magnification 
JSTo^li^a. surface thereof in Fig. 2. As is also evident from Figs. 1 and 2. th< , ho«o* 
had a three-dimensional network-like porous structure with a dense structure .n the '"temaland externa, surfaces 
thereof. Each value in the structure of the hollow fiber membrane and the test results are shown in Table 1 . 

Example 2 

10033] A hollow fiber membrane was obtained in the same manner as in Example 1 except that a spinning i stock 
soSn cons°s™g of 24 % by weight of cellulose acetate propionate (degree of substitute: 2.68; number average 
^S^^^^ift: 2 5%; and propionyl: 61 .2%), 75 % by weight of dimethyl sulfox de and 1 % by weight 
XSSfiZZ glycol (manufactured by Sanyo Chemical Industries, Ltd., PEG200) was used. A cross-sect.cn of h.s 
hoCTber membrane had a three-dimensional network-like porous structure with a dense strucure in .the internal 
and externa, surfaces thereof. Each value in the structure of the hollow fiber membrane and the test results are shown 
in Table 1 . 

Example 3 

r0034] A ho.tow fibe, membrane was obtained in the same manner as in Example 1 except that a ginning stock 
solutbn coring of 22 % by weight of cellulose acetate propionate (degree of substitut.on: 2.68; number average 
notZz^ZsL. acety.: 2k; and propionyl: 61 *%). 77 % by weight of dimethyl sulfoxide and 1 % by we^ 
of I thUjm cnlondc (manufactured by Wako Pure Chemical industries, Ltd.) was used. A <^?^«J^*^ 
fiber membrane had a ,hrcc-d.mcnsional network-like porous structure with a dense structure ,n the mternal and ex- 
thereof. Each value in the structure of the hotow fiber membrane and the test results are shown ,n 



35 



40 



45 



Table 1 . 



30 [0035] 



Example 4 

r00351 A hollow fiber membrane was obtained in the same manner as in Example 1 except that a spinning stock 
LTSn consttil of 23 % by weight of cellulose acetate propionate (degree of substitution: 2.68; number average 
SSaTS?75 <S; «2yl: 25%; and propionyl: 61 2 %), 75% by weight of dimethyl sulfoxide .and 2 % by weigh 
rSetatrcen u .ose (manufactured by Daicel Chemical Industries, Ltd., acetylation degree: 60.8 %; and degree of 
to vmeSo^ S waTused. A cross-section of the hollow fiber membrane had a three-dimensional "etwork- ke 
j2£ ;«re wSi, a dense structure in the internal and externa, surfaces thereof. Each value in the structure of the 
hollow fiber membrane and the test results are shown in Table 1 . 

Example 5 

r00361 A hollow fiber membrane was obtained in the same manner as in Example 1 except that a spinning stock 
soluSn consisting of 24 % by weight of cellulose acetate butyrate (degree of substitution: 2.69 numb er average m £ 
ETSTtSooO; ace Jcontent: 1 3.5 %; and butyry. content: 37.0 %) and 76 % by weight o <^*£^ 
was used An electron microphotograph (at a magnification of *190) of the ins.de (cross-sect on) of the hoHo« -fiber 
membrane « shown in Fig. 3 As is also evident from Fig. 3, the cross-section of the hollow fiber mernbran ^had a 
HZlS network-like porous structure with a dense structure in the interna, and externa, surfaces thereof. 
Each value in the structure of the hollow fiber membrane and the test results are shown in Table 1 . 



Comparative Example 1 

50 [0037] A hollow fiber membrane was obtained in the same manner as in Example L^ , I^ n !r2 

solution consisting of 20 % by weight of cellulose triacetate (manufactured by Da.cel Chem.cal lndustr.es, Co., Ltd 
aceSion dTc ee 6 ' » %" and degree of polymerization: 150) and 80 % by weight of dimethyl sulfox.de was useo. 
PluS a aant M ^having a void diameter of about 150 urn occurred in the three-dimensional network-l.ke porous 
«^^c^SS of the hol.ow fiber membrane. Each value in the structure of the hol.ow fiber membrane 

55 and the test results are shown in Table 1 . 
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Comparative Example 2 



[0038] A hollow fiber membrane was obtained in the same manner as in Example 1 except that a spinning stock 
solution consisting of 24 % by weight of cellulose acetate propionate (degree of substitution: 2.68; number average 
molecular weight: 75,000; acetyl: 2.5 %; and propionyl: 61 .2 %) and 76 % by weight of N-methyl-2-pyrrolidone was 
used. Plural gigantic voids having a void diameter of about 50 u.m occurred in the three-dimensional network-like porous 
structure on a cross-section of the hollow fiber membrane. Each value in the structure of the hollow fiber membrane 
and the test results are shown in Table 1 . 



Comparative Example 3 

[0039] A hollow fiber membrane was obtained in the same manner as in Example 1 except that a spinning stock 
solution consisting of 20 % by weight of cellulose acetate propionate (degree of substitution: 2.68; number average 
molecular weight: 75,000; acetyl: 2.5 %; and propionyl: 61 .2 %), 73 % by weight of dimethyl sulfoxide and 7 % by 
weight of polyethylene glycol (manufactured by Sanyo Chemical Industries, Ltd., PEG200) was used. Plural gigantic 
voids having a void diameter of about 100 p.m occurred in the three-dimensional network-like porous structure on a 
cross-section of the hollow fiber membrane. Each value in the structure of the hollow fiber membrane and the test 
results are shown in Table 1 . 

Comparative Example 4 

[0040] A hollow fiber membrane was obtained in the same manner as in Example 1 except that a spinning stock 
solution consisting of 15 % by weight of cellulose acetate propionate (degree of substitution: 2.68; number average 
molecular weight: 75,000; acetyl: 2.5%; andpropionyl: 61.2%), 10 % by weight of cellulose triacetate (manufactured 
by Daicel Chemical Industries, Co., Ltd, acetylation degree: 60.8 %; and degree of polymerization: 150) and 75 % by 
weight of dimethyl sulfoxide was used. Plural gigantic voids having a void diameter of about 50 u,m occurred in the 
three-dimensional network-like porous structure on a cross-section of the hollow fiber membrane. Each value in the 
structure of the hollow fiber membrane and the test results are shown in Table 1 . The strength of the hollow fiber 
membrane was too low to conduct the microbial degradability test. 

Comparative Example 5 

[0041] A hollow fiber membrane was obtained in the same manner as in Example 1 except that a spinning stock 
solution consisting of 24 % by weight of cellulose acetate butyrate (degree of substitution: 2.69; number average mo- 
lecular weight: 70,000; acetatyl content: 13.5 %; and butyryl content: 37.0 %) and 76 % by weight of N-methyl-2-pyr- 
rohdone was used. Plural gigantic voids having a void diameter of about 50 \im occurred in the three-dimensional 
network-like porous structure on a cross-section of the hollow fiber membrane. Each value irvthe structure of the hollow 
fiber membrane and the test results are shown in Table 1. The strength of the hollow fiber membrane was too low to 
conduct the microbial degradability test. 
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Table 1 
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Claims 

1 . A hollow fiber membrane comprising a cellulose compound as a membrane material., wherein the thickness of the 
membrane is 50 to 500 u/n, a dense membrane surface having an average pore diameter of 0.001 to 0.05 u.m 
exists on the internal and/or external surface thereof, the inside of the membrane is composed of a three-dimen- 
sional network-like porous structure having voids with an average pore diameter of 0.05 to 2 u.m, and 70 % by 
weight or more of the membrane material is cellulose acetate propionate or cellulose acetate butyrate. 

2. The cellulose compound hollow fiber membrane as claimed in Claim 1 , which has at least one maximum value in 
the distribution of pore diameters in the three-dimensional network-like porous structure in the inside of the mem- 
brane, and the maximum value is 0.5 to 5 ujti. 

3. The cellulose compound hollow fiber membrane as claimed in Claim 1 or 2, wherein a tensile strength at break of 
the hollow fiber membrane is 3 MPa or more, and an elongation at break thereof is 15 % or more. 

4. The cellulose compound hollow fiber membrane as claimed in Claim 1 , 2 or 3, which has a pure water permeation 
rate of 200 1/ (m^-h) or more at a transmembrane pressure of 100 kPa and at a temperature of 25°C. 

5. The cellulose compound hollow fiber membrane as claimed in any of Claims 1 to 4, which is used for treatment of 
natural water. 

6. A method for purifying water by use of the hollow fiber as claimed in Claim 1 as a permeation membrane. 

7. The method as claimed in Claim 6 : in which a pure water permeation rate is 200 1/(m2-h) or more at a transmem- 
brane pressure of 100 kPa and at a temperature of 25°C. 

8. Use of the hollow fiber as claimed in Claim 1 for a permeation membrane. 
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